quantity of SSS had to be elaborated. Since the point of maximum precipitation is difficult to judge and may not necessarily be the point of complete precipitation, the method devised consisted essentially of a rough titration of the antiserum with the SSS. In principle the method was similar to the one used by Pick (2) in the salt fractionation of proteins.
To constant amounts of serum, varying amounts of SSS (the quantifies increasing by 0.02 to 0.03 mg. for each cubic centimeter of serum) are added. The mixtures are incubated in the water bath at 37°C. for 1 to 2 hours and then are put in the ice-box for 2 hours or overnight. They are then centrifuged, and 0.02 rag. or 0.03 rag. SSS per cubic centimeter of serum is added to each supernatant; the stay in water bath and ice-box incubation is repeated. The supernatants of the mixtures in which complete precipitation occurred, show no further precipitation; the mixture containing the least amount of SSS, which fails to show further precipitation is considered to contain the required quantity of SSS. The following protocol illustrates one such titration: 2 co. serum + 0.6 co. 1-5000 (SSS)-~Ppt. -Supemat. + 0.2 cc. 1-5000 (SSS)-*Ppt.
" " +0.8cc. " " --~Ppt. -" q-" " " -~ " " " + 1.Occ. "
" --~Ppt.- From this titration it may be seen that 1.0 cc. of a 1-5000 solution of SSS (in saline) per 2 cc. of serum was insu~cient, whereas 1.2 cc. sui~ced for complete precipitation. For more exact determination of the required amount of SSS, tests may be performed with quantities ranging between 1.0 to 1.2 cc. of 1-5000 SSS/2 cc. serum; this yields a value of 0.1 to 0.12 rag. SSS per cubic centimeter of serum. When the supernatants are incubated with additional SSS, a slight precipitate frequently settles out after prolonged ice-box incubation (48 hours), which was not perceptible alter 2 hours' ice-box incubation. Whether this additional precipitate is specific or not may be determined by the fact that specific precipitate (after pouring off the supernatant) is soluble in dilute acid whereas sedimented denatured serum protein is insoluble in dilute acid. For the experiments here recorded, the readings were made after 2 hours' ice-box incubation, since it was found that the supernatant failing to show any precipitation at that time always had some excess of SSS. A phenomenon similar to the "Danysz effect" in the combination of toxin with antitoxin was observed in relation to the combination of SSS with homologous precipitin; more SSS was required for complete precipitation when the total quantity was added at once than when it was added in fractions of the total on successive days. For example, 0.16 rag. SSS/cc. serum was required for complete precipitation when added at one time, whereas only 0.13 mg. SSS was sufficient when 0.05 rag. was added the first time and 0.02 nag. daily to the supernatant on subsequent days.
It is realized that the method just described does not give absolute values for the amount of SSS required for complete precipitation, but the approximate values were considered sufficiently accurate for the subsequent experiments. In a quantitative study between the soluble specific substance of Type III pneumococcus and its homologous precipitin, Heidelberger and Kendall (3) showed that the entire reaction occurs in accordance with the mass law. The data obtained by my method of titration are in the zone where only SSS is detectible in the supematant.
In Viva Neutralization of Preclpitin and Protective Antibody by SSS
Felton and Bailey (4) have assumed that SSS neutralizes the "protective bodies" of antipneurnococcus serum in vivo, although they did not demonstrate complete inhibition of the protective action.
To determine the in vivo neutralization of protective antibody by SSS it was deemed advisable to combine the SSS and antiserum in one animal (rabbit), and then test the sertnn of that animal for protection in the mouse, instead of injecting the antiserum, SSS, and organisms in the same mouse at one time. Since it has been demonstrated that small amounts of SSS are capable of annulling the inhibitory action of the sera of naturally resistant animals on the growth of pneumococci in serum-leucocyte mixtures (5) , and also that SSS can lower the resistance of mice to partially attenuated pneumococci (4a), it was intended, by this modification, to eliminate any possible effect that SSS may exert on factors involved in protection other than the specific antibody in the serum. The following is a summary of an experiment.
Two rabbits of nearly equal weight were injected each with 5 cc. of Serum 121 (Type I) intravenously; this serum had about 1000 protective units/cc, and required 0.16 rag. SSS/cc. for complete precipitation or 0.8 nag. SSS for 5 cc. serum. Rabbit A (1700 gin.) received an intravenous injection of 1.0 nag. Type I SSS (0.2 nag. excess), 5 minutes after the administration of the serum. Rabbit B (1820 gin.) received nothing outside of the 5 cc. of serum. Rabbit A voided 15 cc. of urine 10 minutes after the injection of SSS. This urine gave a positive test for SSS in a dilution of 1-4; the subsequent sample of urine voided within the next 24 hours had no appreciable SSS. 4½ hours after injection both rabbits were bled, and the serum was tested for SSS, precipitin, and protective antibody.
The results shown in Table I indicate that although the precipitins were neutralized beyond the limits of detection, the protective antibody was only partially neutralized, leaving approximately 50 to 60 per cent. The quantity of SSS that was lost in the urine was small compared with the amount injected, and since the precipitins were completely neutralized it may be assumed that most of it combined with the antibody. It is realized that the mouse protection test is 
Relationship between the Quantity of SSS Added and the Amounts of Precipitins and Protective Action Neutralized
The object of this experiment was to obtain additional information with regard to the relationship between the anticarbohydrate precipitins and the protective power of antipneumococcus serum from the manner in which different quantities of SSS would neutralize their respective activity in the serum.
The serum used in this experiment was 121 (Type I); it contained 1000 protective units per cubic centimeter and required 0.16 nag. SSS/cc. for complete precipitation. To three 10 cc. samples of the serum, 1.6 rag., 0.8 mg., and 0.4 mg., SSS respectively were added, i.e., one portion received the full amount of SSS required for complete precipitation, another had one-half and the third portion one-fourth that amount. The tubes were incubated in the water at 37°C. for 2 hours, and in the ice-box overnight. The precipitates obtained with 1.6 mg. SSS and 0.8 nag. appeared equally voluminous, whereas the volume of the precipitate with 0.4 rag. was somewhat smaller. After centrifugation, the supernatants were tested for protective antibody and remaining precipitin. This experiment was repeated with another Type I serum (607). The data presented in Table II indicate (1) a lack of proportionality between the quantity of SSS used for precipitation and the amount of protective action left in the supernatant, and (2) that complete neutralization of the anticarbohydrate precipitins does not annul all of the protective activity of the serum. Quantitatively the data shown in Table II appear paradoxical. Although the apparent lack of proportionality between the quantity of SSS added and the amount of protective antibody neutralized might be accounted for by the possible non-specific adsorption of protective substance on the SSSprecipitin complex, it seems unwise to express a definite opinion.
Non-Specific Adsorption of Protective Antibody by Specific Precipitate
It has been demonstrated that when a serum, containing precipitin, is precipitated with homologous precipitinogen certain other antibodies contained in it may be carried down in the precipitate. Antipneumococcus horse serum contains both so-called anti-"protein" and anticarbohydrate precipitins; removal of either one by its homologous precipitinogen has not resulted in an appreciable decrease of the other. The results of the preceding experiment, however, suggest that protective substance may be adsorbed non-specifically by specific precipitate; to determine this possibility the following test was performed.
To 5 cc. of Type II antipneumococcus serum (101), 5 cc. of Type I serum (121) were added. The Type II serum (101) required 0.12 rag. SSS/cc. for complete precipitation, so that 0.6 cc. of a 1-1000 solution of SSS (II) was added to the mixture. After the usual water bath and ice-box incubation the precipitate was centrifuged and the supernatant tested for Type I precipitins and protective antibody. It was found that whereas the Type I precipitins were not appreciably affected (the amount of SSS I required for complete precipitation of the supernatant was the same as that for the original serum), the protective action was d{minished from 1000 units/cc, of Type I serum to 400--600 units/cc. Following the precipitation of a polyvalent (Types I and II) antipneumococcus serum with Type I SSS, its protective action against Type II pneumococcus was reduced from 1000 units/cc, to 600 units/cc., whereas the Type II anticarbohydrate precipitins were not diminished as judged from the amount of Type II SSS required for complete precipitation.
Protection by Specific Precipitates
In 1915, Gay and Chickering (6) observed that the precipitates, obtained by the interaction of water-solqble extracts of pneumococcus with homologous immune serum, protected mice against infection almost as well as the original serum. They interpreted this phenomenon as meaning that the precipitate was dissociated, and the liberated antibody was free to act. Felton and Bailey (3) concluded that the specific precipitates obtained with Type II SSS have no protective capacity. It is possible, however, from a study of their protocols to reach an opposite conclusion, in which case additional evidence is given for the view that the precipitate formed by SSS and immune serum can still protect against infection with the homologous type of pneumococcus.
The data, bearing on this point, in Table III Assuming that 0.25 nag. SSS is the optimum amount for complete precipitation, the precipitate produced with 2.5 nag, SSS, probably smaller on account of a slight zone phenomenon does not carry down with it all of the SSS; the specific precipitate has primarily only the combined antigen, leaving the rest in the supernatant, therefore, the precipitate with 2.5 rag. is essentially the same as the one with 0.25 nag. SSS and should not protect. Similarly, the precipitate with 0.025 rag. SSS although smaller in amount than that obtained 0.25 rag., still has both the antigen and the antibody (the excess of antibody remaining in the supernatant); yet it protects as well as the control serum.
Even ff the assumption made by Huntoon (7), that an insufficient amount of antigen combines with antibody in two ways (1) a strong union, i.e., specific neutralization, (2) a weak union corresponding to the adsorption of heterologous antibody by a precipitate, be applicable in this case, the results of the above experiment are still unexplained. Since in certain of the experiments, suspensions of specific precipitate had some protective action Felton and Bailey have assumed that the specific precipitate acts "only to a slight degree as a protective agent," and offer the same explanation as Gay and Chickering, namely, that it is "due in part to dissociation before the substance is injected into the mouse, and also to dissociation within the animal." This explanation does not conform to the contention (Felton and Bailey in Paper I) that SSS neutralizes the protective substance in ~/vo. For even if extensive in viIro dissociation of antigen-antibody complex were possible, as long as the two reagents are not separated, their injection into the body should cause their re-union, if in vivo neutralization occurs; for extensive dissociation cannot be assumed to occur in the same medium where almost complete neutralization should occur.
If, as was indicated in the foregoing experiments, the combination of SSS with homologous precipitin can carry down protective sub-stance by non-specific adsorption, the results of Gay and Chickering and those of Felton and Bailey on the protective capacity of specific precipitates may be accounted for partially on that basis, instead of entirely on the dissociation of specifically combined substances. In our own experiments the protection tests with specific precipitates were usually not so good as obtained by Gay and Chickering or as shown in some of the data of Felton and Bailey. A specific precipitate obtained with the full amount of SSS required for complete precipitation of the anticarbohydrate precipitins, always showed considerable protective action but never as much as that removed by the precipitate from the serum. The protection test performed at first with a suspension of the specific precipitate in a 1 per cent NaC1 solution was later discontinued since accurate dilutions of a suspension of particles of varying size was impossible and the results were markedly irregular. The specific precipitate, however, is soluble in dilute acid, and more regular protection tests were obtained when the dilutions were made from a solution of the precipitate in N/IO00 HC1; solutions stronger than N/IO0 HC1 have a deleterious effect on the antibody, particularly when a day or more intervenes before the test is performed. The sum of the protective action of the supernatant with that of the specific precipitate represents only about 30 per cent of the total; in other experiments this sum has been found to vary between 20 to 50 per cent of the total. Whether or not the remaining protective action corresponds to that removed as a result of the neutralization of the anticarbohydrate precipitins has not been determined as yet.
Felton and Bailey (4b) showed that solutions of the specific precipi-tate in certain acid and alkaline zones exhibit marked protective action; their experiment was as follows.
Some specific precipitate was dissolved in N/20 HCI and a number of samples were adjusted to different pH, ranging between 4.4 and 9.8. After this adjustment, any insoluble material was centrifuged out, and the supernatants were used in tests for protective antibody, precipitinogen, and agglutinin (precipitin). Abundant protection was obtained with the supernatants from the samples adjusted in the range of pH 4.4-5.3 and pH 8.4-9.8. Our own experiments indicate that the specific precipitates are practically wholly soluble in these pH ranges and almost insoluble at neutrality.
Felton and Bailey believed that their solutions contained two dissociated components (1) protective antibody, (2) SSS. Even if this assumption were true, the results of their protection tests are difficult to explain on this basis, since not having separated the two components, the injection of these solutions into the body ought to result in their reunion. But the precipitinogen and agglutinin tests with these supernatants, upon which the contention of the dissociated state of the precipitate is based, are not valid as is indicated by our experiments, which showed that precipitation obtained by the addition of homologous serum (test for precipitinogen) to solutions of specific precipitate in the pH range 4.4-5.3 and 8.4-9.8 was non-specific, since normal serum and buffer solutions of a pH about 7.0 gave the same results. The precipitation is apparently due to the shifting of the pH to the zone of insolubility of the SSS-precipitin complex by the serum or buffer solution. The addition of homologous SSS to these solutions also precipitates them non-specifically, heterologous SSS producing the same effect. It thus appears that the evidence is against supposing that the solutions represented dissociated antigenantibody complex, so that their protective action must be accounted for on another basis.
To obtain further information on the possibility of such dissociation and to determine the extent of in vivo dissociation of SSS-antibody complex, advantage was taken of the fact that the rabbit kidney is virtually a selective filter with regard to SSS and antibody. It is well known that the urine of a pneumococcus-infected rabbit contains SSS; our own experiments indicated that within a short time after the intravenous injection of purified SSS into a rabbit, the greatest por-tion of it is excreted in the urine immediately, and a small amount of SSS remains in the blood, where it can be detected for approximately 10 days. It is also known that antibody is not detectible in rabbit's urine. If the acid solution of specific precipitate contained dissociated SSS-antibody complex, which failed to reunite when injected in vivo, SSS should be found in the urine and precipitin in the blood.
Protocols.--Specific precipitate from 20 cc. of antipneumococcus serum 607 (Type I) with 3 rag. of SSS I (amount for complete precipitation) required 12 cc. of N/40 HC1 to dissolve completely; this was slowly injected into the marginal ear vein of a rabbit (2260 gin.). 4 hours after injection blood was drawn from the marginal vein. This rabbit serum had no demonstrable SSS or precipitin; it was tested for protective antibody in the range of 0.5 to 5 units per cc. and was found to contain 2 protective units/cc. The total amount of urine voided within the next 16 hours was 10 cc.; it had no demonstrable SSS. In other similar experiments with Type I specific precipitates faint traces of SSS were occasionally detectible in the urine for a period of 24 to 48 hours after injection, but never any SSS or precipitin in the serum although it always had protective action.
When the original urine failed to give a test for SSS it was concentrated as follows: 10 cc. or more of urine was dialyzed for 24 hours in running water. The contents of the bag were then heated with a few drops of dilute acetic acid until it evaporated to 5 cc.; after filtration, 10 volumes of 95 per cent Cg-IsOH were added and the precipitate collected by centrifugation. The precipitate was dissolved in 1 cc. of 1 per cent NaCI solution and neutralized when necessary with N/50 NaOH. These experiments show that when an acid solution of specific precipitate is injected intravenously into a rabbit, there is no indication that the SSS-antibody complex exists in a dissociated state. In two experiments, the urine had no appreciable SSS and the rabbit serum, containing no demonstrable SSS or precipitin, had 2 units of protective antibody per cubic centimeter. In the experiments where SSS did appear in the urine it was so slight in amount compared with the quantity injected, combined in the specific precipitate, that it may represent uncombined excess which was either introduced as such or resulted from slight dissociation. That appreciable dissociation did not occur is evident from the fact that at no time was anticarbohydrate precipitin demonstrable in the rabbit serum. These experiments, therefore, bring additional evidence to the view that the protective action of the specific precipitates is probably due to the liberation of non-specifically adsorbed protective antibody.
Protective Action of Antipneumococcus Serum after Complete Precipitation of the Anticarbohydrate Precipitins
At the 'very beginning of this investigation it was observed that after complete precipitation of the anticarbohydrate precipitins from Type I antipneumococcus sera, the supernatant always had some residual protective action, the amount varying from 10 to 30 per cent of the original serum. The residual protective antibody in the supematants of Type II sera were considerably less, but nevertheless definite. When these supernatants were tested against a heterologous type of pneumococcus, they showed no appreciable protective action. It was thus evident that the protective antibody remaining in the supernatants, which were practically free of antJcarbohydrate precipitins, was type-specific. To determine the relation of this type-specific protective antibody to SSS, the supernatants were mixed with additional SSS in amounts equivalent to 50 per cent and I00 per cent of the quantity originally required for complete precipitation. As may be seen from Table lit, the residual protective antibody in the su-SERUM" pernatants was never neutralized by SSS. From these results, taken together with the observations of the foregoing experiments, it may be concluded that there is in antipneumococcus serum type-specific protective antibody which is not neutralized by SSS and apparently distinct from the anticarbohydrate precipitins. The amount of this protective antibody in an antiserum is difficult to estimate, but it is undoubtedly more than the residue found in the supernatant since a considerable quantity is probably adsorbed apparently non-specifically on the SSS-precipitin precipitate.
Is There Another Type-Specific Antigen in the Pneumococcus in Addition to the SSS?
The contention that there is a type-specific protective antibody, not neutralized by SSS, necessarily presupposes the existence of another antigen. Since each antibody must have its corresponding antigen, complete proof for the existence of a type-specific antibody distinct from the anticarbohydrate precipitin will not be available until a type-specific neutralizing antigen is found which is distinct from SSS. The following experiment offers an indication that such an antigen may actually exist.* ProDcols.--The serum used was Type I (607) containing 1000 protective units/cc.; the quantity of SSS required for complete precipitation was 0.15 mg./cc. 20 cc. of Serum 607 was precipitated with 3 mg. of SSS I. After the routine water bath and ice-box incubation, the supernatant obtained by centrifugation, was divided into several portions, which were treated as follows: The portions of supernatant mixed with SSS and those with the organisms were thoroughly shaken and incubated in the water bath at 37°Cr for 2 hours and then in the ice-box overnight. It is interesting to observe especially in view of the fact that the supernatant had no appreciable protection for Type II pneumococcus, that it agglutinated both the Type I and the Type II pneumococci; the agglutination titer for Type I was 1-16 and for Type ~" II pneumococcus, 1-8. After incubation, the organisms were centrifuged and all the supernatants were tested for protection. It will be seen that the residual protective antibody in the supernatant is not neutralized by SSS nor by absorption with Type II pneumococci, but is definitely absorbed with the homologous Type I pneumococci. The agglutination of the organisms which occurred in the supernatant probably did not cause non-specific adsorption, since with the heterologous pneumococci there was no diminution in the protective antibody present. It may be assumed, therefore, that this neutralization was specific, and unless SSS in the organism is capable of neutralizing antibody which SSS in solution cannot, it must be conceded that some other substance in the pneumococcus was the responsible agent.
DISCUSSION
The mechanism whereby antipneumococcus serum averts death of a pneumococcus-infected animal is not understood. The study of the substances which may neutralize this protective activity should yield valuable information on the problem of its mode of action. The carbohydrate fraction of the pneumococcus has been assumed capable of neutralizing the protective action of antipneumococcus serum on the basis of the following observations:
1. "Soluble neutralizing substances" for the homologous immune bodies (8, 9) were demonstrated in pneumococcus infected serums and exudates which are known to contain SSS (10).
2. Neutralization of the protective action by SSS in vivo and in vitro (4).
3. Absorption of the protective antibody and the type-specific agglutinins with S-producing pneumocoeci (Type II) as well as with the filtrates of their broth cultures (11).
In the foregoing experiments it was shown that in vivo, the SSS of Type I pneumococcus only partially neutralizes the protective antibody, and that specific precipitates resulting from the ir~ vitro union of SSS with anticarbohydrate precipifin exert a type-specific protective action. Heidelberger and Kendall (3) observed that the SSS of Type III pneumococcus can combine with its homologous antibody in varying proportions. Should the same principles apply to the combination of the SSS of other types of pneumocoeci with their antibodies, it would be theoretically possible for certain specific precipitates to react with SSS in the organisms, and thus exert protection; similarly the specific precipitates, having the maximum amount of SSS in combination should not be protective. However, in the foregoing experiments the precipitates obtained with the maximum amount of SSS still showed definite protection; since it was observed that these precipitates can adsorb non-specifically heterologous protective antibody, it appeared possible that their homologous protective action might similarly be due to a liberation of non-specifically adsorbed antibody.
After the total precipitation of the anficarbohydrate precipitins, Type I anfipneumococcus serum retained a definite amount of its type-specific protective action, which was not neutralized by additional SSS, although it was absorbed only with the homologous virulent pneumococci. It appears possible, therefore, that this residual protection is exerted by an antibody distinct from the anticarbohydrate precipifins. The supernatants containing the residual protection had a low agglutination titer for the homologous pneumococcus, but nevertheless somewhat higher than for heterologous pneumococci; whether or not this fact bears any relationship to the protective action does not appear definite.
